Hypertensive emergencies are characterized by acute blood pressure elevations and potential for end organ damage. The critical care nurse must understand the pathophysiology to appreciate the therapeutic management and complications associated with the devastating clinical event. Stroke, renal damage and failure, retinopathy, aortic dissection, and encephalopathy are among the sequelae of severe hypertensive episodes. Intravenous medications are the treatment of choice to lower the blood pressure without risking hypoperfusion of the brain and other vital organs.
H YPERTENSION emergencies are characterized by severe, elevated blood pressure that if left untreated, can rapidly lead to end organ damage or death. Despite a vast array of medication to treat hypertension, it remains a common clinical problem. A hypertensive emergency can occur in both the chronic patient and one who is not diagnosed hypertensive. Males are affected about 2 times more than females, and about 1% of chronic hypertensive patients will develop hypertensive emergency in their lifetime. It is imperative for the intensive care nurse to understand the pathophysiology of the disorder as well as the goals of treatment and medication therapy.
Hypertensive crisis is defined as either hypertensive emergency or hypertensive urgency. Hypertensive emergencies are characterized by acute blood pressure elevation associated with end organ damage From Methodist Healthcare System, San Antonio, Tex.
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( Table 1 ). The Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure classifies patients with a systolic blood pressure greater than 179 and a diastolic greater than 109 as having accelerated hypertension. 1 Hypertensive urgencies may have moderate to severe elevations of blood pressure but symptoms appear more gradually, over days or weeks. Elevated blood pressure without evidence of end organ damage is classified as urgency and will require different treatment than the emergent patient. Rapid lowering of blood pressure is only indicated if organ damage is suspected. Treatment of hypertensive urgency may not require hospitalization and can be treated with oral medications. Hypertensive emergencies, however, will require admission to the intensive care unit and management with intravenous medications. 2 
PATHOPHYSIOLOGY
It is important to understand the mechanism of injury that allows loss of autoregulation and sudden precipitous rise in blood pressure. Hypertensive emergency is the result of an imbalance in autoregulation. It is autoregulation that helps maintain relatively constant tissue perfusion in mild or moderate elevations of blood pressure. Systemic blood pressure is the product of cardiac output and systemic vascular resistance. When blood pressure increases, there is an imbalance in this relationship. This imbalance can be an increase in intravascular volume that is out of proportion or a change in peripheral vascular resistance or both. This mechanism is responsible for both chronic and acute hypertension. It is when blood pressure rises above a moderate level that autoregulation fails in conjunction with activation of the renin-angiotensin system. 2, 3 The reninangiotensin system is vital to maintaining blood pressure homeostasis. Overproduction of renin in the kidneys produces angiotensin II, which is a potent vasoconstrictor. Therefore, both peripheral vascular resistance and blood pressure rise. This process is present in both chronic and essential hypertension. In the case of hypertensive emergency, this process is amplified and causes vascular tissue ischemia and further production of angiotensin II. 2 Arterial and arteriolar vasoconstriction is the first response to mild or moderate elevations in blood pressure. This allows for maintenance of tissue perfusion at a constant level and protects small, distal vessels from the effects of higher pressure. Also exacerbated by excess renin-angiotensin are proinflammatory cyctokinines and vascular cell adhesion molecules, which contribute to vascular damage and end target organ damage. This is the autoregulatory system. However, when blood pressure levels become severe, autoregulation begins to fail. The increasingly higher pressures begin to disrupt the vascular endothelium and allow fibrinoid deposits to enter the vascular wall. This process begins to narrow or occlude the lumen of the vessel. 3 Pharmacologic intervention can suppress renin levels and therefore angiotensin II if this is the culprit producing malignant hypertension. Drugs in the β-blocker and ace-inhibitor classes suppress or inhibit angiotensin II. 2 Other forms of hypertensive emergencies are not caused by a disruption in the plasma renin-angiotensin cycle and are volume dependent and respond to diuretics, calcium channel blockers, or α-adrenergic agents. In a hypertensive crisis, laboratory levels of plasma renin-angiotensin cannot be obtained quickly in order to determine definitive treatment. Instead, algorithms are used to direct therapy. In the absence of a plasma renin-angiotensin level, observation of response to drug intervention can guide treatment. 2
CLINICAL MANIFESTATIONS
Clinical manifestation of hypertensive crisis includes headache, altered level of consciousness, and central nervous system dysfunction indicating hypertensive encephalopathy. Other characteristics are associated with end organ dysfunction and hypertensive retinopathy. Laboratory values show evidence 88 CRITICAL CARE NURSING QUARTERLY/APRIL-JUNE 2007 of proteinuria, decrease in platelets, elevated liver enzymes, and an increase in bilirubin. In discussing the disorders most commonly associated with a hypertensive emergency, each will have symptoms and physiology that help determine the goals and course of treatment. 3
STROKE AND ENCEPHALOPATHY
Acute ischemic stroke presents with elevated blood pressure or hypertensive crisis in 80% of patients. Treatment guidelines are being questioned and new protocols are being developed as research shows that immediate lowering of the blood pressure to normosystolic levels is not necessarily therapeutic. Some experts are exploring the value in raising blood pressure in some acute stroke patients to aid perfusion of tissue. In a hypertensive crisis, the real goal is to regulate blood pressure to prevent end organ damage. For patients presenting with neurological symptoms such as decreased level of consciousness, numbness, or seizure, blood pressure should be lowered by 20% to 30% over several minutes or hours and then to baseline over a period of 1 to 2 days. 2, 4 Hypertensive encephalopathy presents with headache, nausea, vomiting, and possible seizures and is the result of failure of cerebral autoregulation. Vision may be distorted and patient may have a decreased level of consciousness or confusion. Often these symptoms may have developed over 24 to 48 hours. This characteristic distinguishes encephalopathy from intracranial hemorrhage. 5, 6 Physical examination may show signs of retinopathy, but normal fundus findings do not rule out the diagnosis of malignant hypertension. Computed tomographic scan can be used to rule out an intracranial bleed. Cerebral blood flow is usually maintained at normal levels with mean arterial pressure variations as much as 70 to 150 mmHg. 5 Within these parameters, the brain can compensate through vasoconstriction. Beyond these levels, cerebral autoregulation begins to fail and vasodilatation and cerebral edema occur. In chronic hypertensive patients, autoregulation thresholds gradually adjust to accommodate higher pressures and protect brain tissue. Conversely, those who are normotensive prior to an episode of malignant hypertension will suffer adverse effects at lower blood pressure levels. Encephalopathy may develop in a person with chronic hypertension, often through noncompliance with medications, but can also occur in individuals with normal blood pressure. Populations without history of hypertension who may be at risk for malignant hypertension include those with eclampsia, acute glomerular nephropathy, those being treated with immunosuppressive drugs, and the postoperative patient. 5, 6 
POSTOPERATIVE HYPERTENSION
Postoperative hypertension is not infrequent. Hyperresponsiveness to the invasive quality of surgery, especially in those with baseline hypertension or in those undergoing cardiac or vascular surgery activates stress hormones and the renin-angiotensin system. Other patients at high risk for postoperative hypertension are those with alcohol addiction and recreational drug users. Some causes of postoperative hypertension can be relieved with nursing measures or medication. Causes include full bladder, pain, nausea and vomiting, anxiety, and hypervolemia. Before initiating drug therapy, attempts should be made to treat any of these reversible causes. Another cause of hypertension in this time period is baroreceptor injury. This is characterized by labile hypertension. Post-carotid endarterectomy patients are particularly at risk. All of these cause a sudden increase in peripheral vascular resistance and significant rise in blood pressure. Postoperative hypertension has several characteristics that are unique and help determine treatment. Therapy will depend on the type of surgery the patient has undergone. Cardiac, vascular, or carotid endarterectomy will require aggressive lowering of blood pressure while other surgery such as abdominal or orthopedic may be able to tolerate the higher blood pressure. In the immediate postoperative phase, patients will 
Acute aortic dissection
Acute aortic dissection is an example of end organ damage from hypertensive crisis; this is a rapid and often fatal complication. Risk factors include untreated hypertension, age, and history of vascular disease. Ascending aortic aneurysms generally need to be treated surgically while descending aortic aneurysms respond better to medical treatment. Both, however, require the same initial treatment. 4 Patients may present with lower back or chest and scapular pain, or abdominal pain and nausea and vomiting. Dissection is caused when high blood pressure and atherosclerosis present in the aorta cause the intima of the vessel to tear. The force of the aortic pulse pressure separates the arterial wall and an aneurysm is formed. If the aneurysm occludes the aorta the result is organ ischemia. 7 Physical examination findings include presence of a murmur indicating aortic insufficiency, discrepancies between peripheral pulses, and a decreased level of consciousness. 6 Diagnosis can be confirmed through magnetic resonance imaging, ultrasonography, or computed tomography. Transesophageal echogram is also frequently done. The goal of treatment is to decrease blood pressure rapidly and to the lowest level tolerated, preferably 100 to 110 systolic. 8 Care should be taken to avoid drugs that will increase heart rate and contractility. The treatment of choice is a β-blocker followed by nitroprusside.
MYOCARDIAL INFARCTION/LEFT VENTRICULAR FAILURE
Hypertension in the presence of an acute myocardial infarction must be managed carefully to avoid increasing myocardial oxygen demand and further ischemia of the heart muscle. Activation of the renin-angiotensin system may be triggered by the acute pain of myocardial infarction or by ischemia of the left ventricle and results in vasoconstriction. Reducing blood pressure quickly reduces the work of the left ventricle. Nitroglycerin is the usual drug of choice not only for its vasodilating effects but also to reduce myocardial oxygen consumption and increase coronary blood flow. Continuation of the hypertensive crisis results in thickening of the left ventricle and pulmonary edema. Hypertension can be both the cause and the result of pulmonary edema due to dysfunction of the left ventricle. 6 Additional diuretics to decrease volume are often indicated.
PREECLAMPSIA/ECLAMPSIA
Preeclampsia or hypertension in pregnancy is defined as a systolic BP greater than 140 mmHg or diastolic BP greater than 90 mmHg. Patients may present with elevated BP and edema as well as proteinuria and elevated liver enzymes. Those predisposed to eclampsia include either very young or older maternal age, history of hypertension, diabetes, family history, Lupus or a history of twin births. Although the pathophysiology is not clear, there is an increase in placental vascular resistance, which leads to failure of the cardiovascular system to adapt, causing a rise in systemic vascular resistance. The systolic BP should be lowered to 110 mmHg prior to delivery. 5 If preeclampsia progresses to eclampsia, visual disturbances, seizures, pulmonary edema, stroke, or even death may occur. Medications must be selected that will not harm the fetus. Initial treatment is with magnesium and labetalol or hydralazine. Care should be taken to avoid drugs such as sodium nitroprusside (Nipride) that can cause bradycardia or hypotension. 8 The goal of treatment is to lower the blood pressure quickly and safely with no injury to the fetus and to deliver the neonate as soon as possible.
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RENAL FAILURE
Acute renal failure can be the cause or result of hypertensive crisis. Many diseases predispose a person to both hypertensive emergency and renal failure. Glomerulonephritis, vasculitis, or preexisting hypertension with prerenal disease as well as renal transplant recipients may be at risk. Volume overload and vasoconstriction from activation of the renin-angiotensin system precipitates a hypertensive emergency and causes further renal failure. 5 The goal of treatment is to return the patient to baseline blood pressure and reduce the risk of additional renal failure. For dialysis patients, treatment may consist of emergent dialysis. Antihypertensive therapies of choice in the acute renal failure patient are nicardipine or fenoldopam.
OTHER PRECIPITATING EVENTS
Abrupt increase in sympathetic activity caused by an increase in adrenergic activity can present as hypertensive crisis. Some of the causes of increased sympathetic activity are noncompliance with antihypertensive therapy, pheochromocytoma, Guillain-Barré syndrome, spinal cord injury, and recreational drug use such as cocaine and methamphetamines. The combination of a monoamine oxidase inhibitor and tyraminecontaining foods such as some wines, cheeses, or meats can lead to a hypertensive crisis in individuals with monoamine oxidase sensitivity. This is a result of tyramine-induced release of endogenous catecholamines. Treatments of choice include labetalol, sodium nitroprusside (Nipride), or phentolamine. Use of a β-blocker alone is contraindicated and can cause α-adrenergic vasoconstriction and an increase in blood pressure.
PHARMACOLOGICAL THERAPY
Parenteral medications are the treatment of choice in a hypertensive emergency. Therapy should lower the blood pressure gradually unless there is significant risk of organ fail-ure. A reasonable goal is lowering the blood pressure by 25%, or the diastolic to below 110 mmHg. 7 The following medications are the most commonly used in the event of an emergency, and their selection is based on the underlying condition causing the emergency and comorbidities ( Table 2 ). The risk of hypoperfusion of brain tissue is considered when selecting a treatment, as well as clinical presentation and availability of medications. Intravenous access is vital, and immediate, continuous intraarterial monitoring is preferred. Sodium nitroprusside (Nipride) is an arterial and venous dilator and is the most commonly used medication in hypertensive emergencies. It is rapid acting and has a short half-life; the usual duration of action is 2 to 3 minutes after an infusion is stopped. The therapeutic effect is reduced cardiac preload and afterload, thereby improving left-ventricular function, and decreased peripheral vascular resistance. Constant blood pressure monitoring is required. 5, 9 A major disadvantage of this medication is its potential for cyanide toxicity. Nitroprusside is metabolized into cyanide and then converted in the liver to thiocyanate, which is then eliminated by the kidneys. This drug is contraindicated in renal failure and pregnancy. Patients with renal failure are unable to metabolize cyanide and are therefore at risk for toxicity. 5 Nitroglycerin is commonly used in patients with acute coronary syndrome, pulmonary hypertension, or congestive heart failure. It is safe for use in pregnant women with eclampsia. Its effects are venous dilation and, at high doses, arterial dilation. Blood pressure is reduced through decreasing preload and coronary output. 10 At a high dose, nitroglycerin reduces afterload, thereby reducing myocardial oxygen consumption. Adverse effects include bradycardia, headache, nausea, and vomiting. The medication must be given through polyurethane tubing and administered via a glass bottle. Caution is used in administering nitroglycerin to patients with aortic stenosis. Because of its limited effect on arterial dilation, other antihypertensive medications may be given simultaneously. 11 Fenoldopam (Corlopam) is a peripheral dopamine-1 receptor agonist. This medication is safe and effective for most hypertensive emergencies, particularly in patients with compromised renal function. Fewer adverse effects are reported than with other antihypertensive medications and is generally well tolerated. It is contraindicated in patients with glaucoma. Fenoldopam is often used for postoperative hypertension. 10 Nicardipine is a calcium channel blocker that can be given either intravenously or by mouth. It is a rapid acting dilator. Ease of use is a benefit of nicardipine, as its dosage is not dependent on body weight. Nicardipine is often a first-line drug in hypertensive emergency. It is frequently used both intraoperatively and perioperatively. It is given with caution to patients with coronary artery disease owing to the potential for reflex tachycardia. 5, 6 Labetalol is both an αand β-blocker and is also a first-line drug for hypertensive emergency. The onset of action is 5 to 10 minutes and lasts up to 6 hours. The advantages of using labetalol are maintenance of cardiac output and cerebral and coronary blood flow. 5 It is recommended for use in myocardial ischemia and pregnancy-induced hypertension. The effects of labetalol are reduced systemic vascular resistance. Caution is urged in its use with bradycardic patients. 6, 7 Enalaprilat is an angiotensin-converting enzyme inhibitor. 8 Angiotensin-converting enzyme inhibition results in decreased vasopressor activity and decreased aldosterone secretion. The effect is coronary vasodilatation and reduction in blood pressure. 8
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Hydralazine
Hydralazine is an arterial vasodilator, and should be used with caution in patients with underlying coronary artery disease and aortic dissection. It is a first-line drug in eclampsia but is less popular in other hypertensive emergencies. Hydralazine may cause blood pressure to fall rapidly and cause reflex tachycardia. 8 Phentolamine is an α-adrenergic blocker and is primarily used in disorders of increased catecholamine activity. It is mainly used in pheochromocytoma and tyramine ingestion. It is also effective in cocaine or amphetamine overdose.
Other medications that play a role in management of hypertension emergency are diltiazem (Cardizem), trimethaphan, and diazoxide, although less frequently and only in specific situations. The choice of medication is selective for the underlying disorder and dependent on comorbidities. Careful monitoring by the Critical Care nurse and recognition of adverse effects, as well as education of the patient on the goals of treatment, is required.
NURSING CONSIDERATIONS
Upon receiving a patient with a hypertensive emergency in the intensive care unit, it is imperative that the nurse act quickly to do the necessary interventions that will lower blood pressure safely and prevent end organ damage or death. Intravenous access with a large-bore intravenous catheter is established quickly. Electrocardiograph leads are placed to monitor for potential dysrhythmias during treatment. Nurses should promptly prepare for an arterial line placement and anticipate possible diagnostic tests such as computed tomography and chest x-ray. A thorough patient history is obtained, including compliance with home medications. The Critical Care nurse should be familiar with medications used in treating this crisis and be aware of titration schedules, adverse effects, and contraindications. If arterial monitoring is not available, proper sizing and placement of the blood pressure cuff is necessary. Vital signs should be monitored at a minimum of every 15 minutes. The nurse should offer reassurance and a calm environment to the patient who is undergoing a high anxiety situation. The patient will remain on intravenous medication until blood pressure falls within acceptable parameters or is no longer deemed therapeutic. The patient will eventually be weaned to oral medications if the hypertension is chronic. The patient will require education prior to discharge on medication, activity, and the importance of 
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compliance. Patients who have suffered an overdose of recreational drugs may benefit from referrals for counseling or therapy.
SUMMARY
Hypertensive emergencies are distinguished from urgency by the potential for end organ damage. Only intravenous therapy is appropriate in this crisis. Care should be taken to lower blood pressure rapidly only in the presence of organ failure. The wellprepared Critical Care nurse in collaboration with the physician can expedite proper treat-ment. A hypertensive emergency, if treated quickly and appropriately, can prevent organ damage and disability. Proper diagnosis of the underlying cause as well as the correct treatment can save a life. It is important that determination of the underlying cause is accurate to avoid deleterious adverse effects or ineffective treatment. Many new and established medications are available to the clinician. Patient education centers on reduction of risk factors, proper use of medications, and continued follow-up with the physician as well as monitoring of blood pressure.
